This study empirically examines the effects of structural breaks on equity return volatility persistence by using Chinese and Japanese equity index return data. Applying standard GARCH models and two kinds of structural break dummy variables, we derive the following findings. First, we reveal that for both Chinese and Japanese equity index returns, the values of GARCH parameters of standard GARCH models decline when the first structural break dummies are incorporated. Second, our analyses further clarify that for both Chinese and Japanese equity index returns, the values of GARCH parameters of standard GARCH models again decline when different kinds of structural break dummies are incorporated.
break dummies into the standard univariate GARCH models, this paper derives the following interesting findings. 1) First, this study reveals that for both Chinese and Japanese equity index returns, the values of GARCH parameters of standard GARCH models decline when the first structural break dummies are incorporated. 2) Second, our analyses further clarify that for both Chinese and Japanese equity index returns, the values of GARCH parameters of standard GARCH models again decline when different kinds of structural break dummies are incorporated.
As we document later, these interesting findings are very robust; and thus, the findings from our research are highly useful and valuable for economic and financial modeling of various kinds of time-series. Hence, our results derived in this paper make an important contribution to the research in the fields of economics and finance. Regarding the rest of this paper, Section 2 reviews recent related research; in Section 3, our data and variables are explained; and in Section 4, our methodology is documented. After that, Section 5 explains our main empirical results and finally, Section 6 concludes the paper.
Literature Review
This section reviews recent literature employing structural break analyses very concisely. First, Narayan et al. [1] tested structural breaks in the US, the UK, and Japanese equity prices, and they suggested that the structural breaks have slowed down the growth rates of the US, the UK, and Japanese equity markets. Chen et al. [2] examined the effect of structural breaks on the linkage of spot-futures oil prices, and they suggested that the structural breaks caused some effects on the issues of cointegrating relations, market efficiency, arbitrage, causalities, and oil futures volatility forecasting performance.
Using stock market data, Chatzikonstanti and Venetis [3] investigated whether the observed long memory characteristic of equity returns is spurious and whether it is explained by the presence of structural breaks; and they suggested that once the structural breaks are considered, the equity return volatility persistence was eliminated. Güloğlu et al. [7] examined the volatility spillovers among five Latin American equity markets, and they suggested that when the structural breaks of variances are taken into consideration, volatility spillover effects among the five equity markets were not strong.
Recently, Smith [8] estimated the US equity premium from economic fundamentals under structural breaks, and they found that the US equity premium fell from 8.16% in 1951 to 1.15% in 1985. Using the US equity market data, Hood and Malik [9] suggested that their out-of-sample tests incorporating both time-varying nature and structural breaks in volatility yielded more accurate Value-at-Risk forecasts than several alternative benchmark methods.
As the above brief literature review shows, recent studies advocated the importance of structural breaks. Hence, this study quantitatively examines Chinese and Japanese equity returns by taking structural breaks into account and em- 
Data and Variables
In this section, we explain our main variables. All data we use in this study are from Thomson Reuters. Our first variable is LRCHI, denoting daily log returns of the Shanghai A-share index in China; our second variable is LRTPX, denoting daily log returns of the Tokyo Stock Price Index (TOPIX) in Japan. Our sample period as to these two percentage log returns spans from January 4, 2000 to August 2, 2018. 
Methods
We next explain our methodology. In this study, we use the standard GARCH model and two kinds of structural break dummy variables. Namely, for Chinese and Japanese equity returns, we estimate the standard GARCH model without and with two kinds of dummy variables that capture structural breaks for each equity index return.
We construct two structural break dummies after detecting structural break points by ICSS algorithm. The identified break point numbers and time periods are exhibited in Table 2 . As this table shows, for both LRCHI and LRTPX, there are 11 break points. We first employ Ewing and Malik [10] -type structural break dummies and denote the structural break dummy variables for LRCHI as CDUM1 (k), and those for LRTPX as JDUM1 (j), where k = 1, …, 11 and j = 1, …, 11. For example, CDUM1 (1) takes one from the first structural break point (December 8, 2006) onwards and zero elsewhere; and JDUM1 (1) takes one from the first structural break point (November 29, 2002) onwards and zero elsewhere. Further, we denote our second structural break dummy variables for LRCHI as 
Results
This section documents the main points of our empirical results. First, Table 3 displays the estimation results of standard GARCH models with no structural break dummy for Chinese and Japanese equity index returns. As Panel A of Table 3 indicates, for LRCHI, it is noted that the GARCH parameter takes a high value of 0.9384, and as Panel B of Table 3 indicates, for LRTPX, we also note that the GARCH parameter takes a high value of 0.8773. Next, Table 4 displays the estimation results of standard GARCH models with Ewing and Malik [10] -type structural break dummies for Chinese and Japanese equity returns. As Panel A of Table 4 indicates, for LRCHI, the GARCH parameter takes 0.8538, and this value is rather lower than 0.9384, where structural breaks are ignored. In addition, as Panel B of Table 4 indicates, for LRTPX, the GARCH parameter takes 0.8072, and this value is clearly lower than 0.8773, where structural breaks are ignored.
Furthermore, Table 5 displays the estimation results of standard GARCH models with different structural break dummies for Chinese and Japanese equity returns. As Panel A of Table 5 indicates, for LRCHI, the GARCH parameter takes 0.8538, and this value is again rather lower than 0.9384, where structural breaks are ignored. In addition, as Panel B of Table 5 indicates, for LRTPX, the GARCH parameter takes 0.8072, and this value is again clearly lower than 0.8773, where structural breaks are ignored. (2) CDUM1 (3) CDUM1 (4) CDUM1 (5) CDUM1 (6) CDUM1 (7) CDUM1 (8) CDUM1 (9) CDUM1 (10) CDUM1 (11) (6) JDUM1 (7) JDUM1 (8) JDUM1 (9) JDUM1 (10) Notes. In this table, C: constant term; A: ARCH parameter; G: GARCH parameter. ***, **, and * indicate the statistical significance of the estimates at the 1%, 5%, and 10% levels, respectively.
As above, regarding our main concern of this study: the changes in the values of volatility persistence parameters of GARCH models, they always decrease when we take structural breaks into consideration. These results can be found for both Chinese and Japanese equity index returns regardless of types of dummy variables; thus, we emphasize that the above results are highly robust. Hence, from our results, we understand that when structural breaks are ignored, volatility persistence of international equity returns may be overestimated in, at least, univariate GARCH models. (2) CDUM2 (3) CDUM2 (4) CDUM2 (5) CDUM2 (6) CDUM2 (7) CDUM2 (8) CDUM2 (9) CDUM2 (10) CDUM2 (11) 
Conclusions
This study empirically examined the effects of structural breaks on equity return volatility persistence by using Chinese and Japanese equity index return data.
Using standard GARCH models and two kinds of structural break dummy variables, we derived the following findings. First, this study found that for both
Chinese and Japanese equity index returns, the values of GARCH parameters of standard GARCH models declined when Ewing and Malik [10] -type structural break dummies are incorporated. Second, our analyses further clarified that for both Chinese and Japanese equity index returns, the values of GARCH parame- and we consider that the findings from our study are highly valuable for modeling of various kinds of economic and financial time-series since many economic and financial time-series have structural breaks. However, it is also noted that the structural break dummies we used in this study might be somewhat difficult to incorporate into multivariate models directly. Thus, we should recognize the importance of developing suitable and reasonable structural break modeling for multivariate economic and financial time-series, and it is one of our important future works.
